Introduction
============

Alzheimer\'s disease (AD) is a neurodegenerative disease, with the clinical symptoms of cognitive impairment and memory decline. WHO has estimated that by the year 2050, AD patients in Europe and the United States may reach 30 million ([@b1-etm-0-0-4006]). There are approximately 6 million AD patients in China, accounting for a third of global AD patients. The number of patients each year has been on the increase at a rate of 1,800,000 individuals annually, which makes the situation very grim. After cardiovascular disease, stroke and cancer, AD has become the fourth most frequent disease that threatens the life and health of the elderly. Currently, it is believed that the main pathogenesis of AD includes oxidative stress, β-amyloid cascade reaction, immune inflammation reaction, gene mutation and apoptosis of cerebral tissue ([@b2-etm-0-0-4006],[@b3-etm-0-0-4006]).

Xklp2 target protein (targeting protein for xklp2, TPX2) is a new spindle component of a family of vertebrates, and is a type of nuclear proliferation related protein regulated strictly by the cell cycle. TPX2 plays an important role in the stability of the spindle during mitosis ([@b4-etm-0-0-4006],[@b5-etm-0-0-4006]). The detection of TPX2 levels in cancer tissues is helpful in order to know the status of cell proliferation and apoptosis. Some studies have shown that in the tumor cells, TPX2 overexpression is associated with tumor metastasis and recurrence in various types of cancer, including pancreatic cancer ([@b6-etm-0-0-4006]), ovarian cancer ([@b7-etm-0-0-4006]), salivary gland carcinoma ([@b8-etm-0-0-4006]), colorectal cancer ([@b9-etm-0-0-4006]) and esophageal carcinoma ([@b10-etm-0-0-4006]). Currently, the role of TPX2 in the neuronal cell apoptosis of AD and its significance are not clear.

Therefore, the effect and mechanism of TPX2 on nerve cells in AD disease has been relatively limited. The aim of the study was to analyze the effects and mechanisms of TPX2 on the apoptosis of neural cells in an AD model.

Materials and methods
=====================

### Experimental materials

Taq Master Mix (SinoBio, Walpole, MA, USA), agarose sterile saline, sterile double distilled water, rabbitmonoclonal anti-phospho-MAPK (dilution: 1:1,000; cat no.: 4370; Cell Signaling Technology, Inc., Danvers, MA, USA) and rabbit monoclonal β-actin antibody (dilution: 1:5,000; cat no.: RB-9421-P; Invitrogen Life Technologies, Carlsbad, CA, USA) and rabbit polyclonal anti-MAPK antibody (dilution: 1:1,000; cat no.: 4695; Cell Signaling Technology, Inc., Danvers, MA, USA), 0.9% sterile saline (Otsuka pharmaceutical Co., Ltd., Tokyo, Japan), TRIzol (Invitrogen Life Technologies) and pathological slice machine (Leica, Mannheim, Germany).

### Experimental equipment

Equipment used for the polymerase chain reaction (PCR) included amplification instrument (Bio-Rad, Berkeley, CA, USA), gel imager (Bio-Rad), electrophoresis apparatus (Beijing Liuyi Instrument Factory, Beijing, China), centrifuge (Eppendorf AG, Hamburg, Germany), trace pipettes (Eppendorf AG), and a Haier ice making machine (Haier Company, Shanghai, China). Equipment used for western blotting included western blotting electrophoresis apparatus (Bio-Rad), −80°C refrigerator (Thermo Fisher Scientific, Waltham, MA, USA), 10 ml syringe, 5 ml syringe (Tianjin Hanaco Medical Co., Ltd., Tianjin, China) and for the animal experiments special surgical instruments (Beijing Medical Instrument Factory, Beijing, China), NanoDrop 2000 spectrophotometer (Thermo Fisher Scientific), Eppendorf tube (Eppendorf AG), and water bath (Beijing Medical Instruments Factory).

### Methods

A total of 90 SD rats were randomly divided into the drug group, the control group and the blank group, with 30 rats in each group. The rats in the drug group and the control group rats were anesthetized with 10% chloral hydrate (at a dose of 0.5 ml/100 g). After successful anesthesia and the accurate positioning of bilateral hippocampal area of the rats, Aβ~1--42~, with the concentration of 5 µl (1 µg/µl), was injected to establish the models. TPX2 inhibitors and edible benne oil were mixed in the proportion of 0.1 g/12.5 ml to make a suspension. After the model was established, the rats were given different treatments. The rats in the drug group were given intragastric administration once a day. The control group was given intragastric administration with the same proportion of physiological saline once a day. The blank group was the normal healthy group, the rats in this group did not undergo any surgery or drug treatment. Three groups of rats were fed for 30 days, and after 30 days, Y-type electric maze was used to detect learning and memory ability of all rats. After the rats were euthanized, all three groups were perfused with PBS until outflow of PBS was bloodless. Brain tissue in rats were divided into two parts, one part was fixed, dehydrated, paraffin-embedded and sectioned (approximately 5 µm). The other part was placed in liquid nitrogen and then preserved at −80°C for detection. TUNEL staining was used to examine the apoptosis of brain tissue under a microscope (Olympus, Tokyo, Japan). H&E staining was used to observe the brain tissue cells of each group, western blotting was used to detect the protein expression levels of MAPK, Erk as well as p38, and RT-PCR was employed to examine mRNA expression levels of MAPK, Erk and p21 ([@b11-etm-0-0-4006]).

### RNA: Preparation and reverse transcription (RT)-PCR analysis

The reagents and consumables were all administed without RNA enzyme. The extraction of total RNA was conducted using TRIzol™ (Invitrogen Life Technologies), and was operated according to the reagent extraction instructions. The extracted RNA was dissolved in DEPC water, and was saved at the temperature of −80°C. RT-PCR primers were designed using oligo 6.0 software. The sequence of the TPX2 primers upstream was 5′-ACCTTGCCCTACTAAGATT-3′ and TPX2 downstream was 5′-AATGTGGCACAGGTTGAGC-3′ prepared by Shanghai Biological Engineering Technology Co). PCR products underwent electrophoresis separation with 1.5% agarose gel, and SmartView analysis software of FR-980 image analysis system (Shanghai Fudan Biological Electrophoresis Technology Co., Ltd., Shanghai, China) was employed to make density measurement on the products bands. The housekeeping gene *GADPH* of the same samples was considered as an internal control used to evaluate the transcription levels of *TPX2* gene.

### Statistical analysis

SPSS 19.0 software (SPSS, Inc., Chicago, IL, USA) was used for data analysis. Quantitative data are presented as mean ± standard deviation. Single factor combined with LSD method was employed for comparisons among groups. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### TPX2 protection of apoptosis of brain tissue in rats

We discovered, through the inverted microscope using the TUNEL staining method, that the apoptosis levels of the brain tissue in the drug group rats were significantly increased, and the differences between the drug group and the control group were statistically significant P\<0.01 ([Fig. 1A and B](#f1-etm-0-0-4006){ref-type="fig"}).

### Inhibition of TPX2 to MAPK, p38 mRNA expression levels

In order to explore the signaling pathway of TPX2, the expression levels of MAPK, p21 mRNA were detected. The results showed that MAPK signaling pathway expression levels of the brain tissue in the drug group rats improved greatly (P\<0.05) and the level of p38 mRNA also increased significantly (P\<0.05; [Table I](#tI-etm-0-0-4006){ref-type="table"}, [Fig. 2](#f2-etm-0-0-4006){ref-type="fig"}).

### Inhibition of TPX2 to MAPK, and p38 mRNA protein expression levels

The MAPK and p38 protein expression levels of rats in the three groups were detected and compared to each other. We found that p38 protein expression levels of the three groups had no significant difference (P\>0.05). MAPK levels of the rats were significantly higher than those of rats in the blank group. MAPK levels of rats in the drug groups was significantly lower than those of rats in the control group; differences were statistically significant (P\<0.05; [Fig. 3](#f3-etm-0-0-4006){ref-type="fig"}).

Discussion
==========

In May 2014, it was proposed by the Alzheimer\'s Association that exploring AD biomarkers can increase our understanding of the pathogenesis of the disease, and accelerate the development of therapeutic drugs ([@b12-etm-0-0-4006]). The existing AD biomarkers have shown good application value in clinical diagnosis. Currently, the main pathogenesis of AD involves gene mutation, hyperphosphorylation of the tau protein, oxidative stress, and neuronal apoptosis. Studies have found that the incidence of AD is closely correlated with the presence of β-amyloid precursor protein gene, presenilin (PS)-1, PS-2 gene and apolipoprotein E gene ([@b13-etm-0-0-4006],[@b14-etm-0-0-4006]). In addition, the tau protein phosphorylation balance is damaged, which further exacerbates the damage of neuronal axon stability and causes functional degradation of the nerve fibers ([@b15-etm-0-0-4006]). Current studies are mostly confined in molecular biology or tissues, and studies of the role of nerve cells in the pathogenesis of AD and its mechanism are still limited.

TPX2 belongs to the AURKA axis, and as a protein stabilizing the mitotic spindle, which has been previously found in tumors, is clearly related to the malignant proliferation and apoptosis of tumor cells. Through the inhibition of the expression of the *TPX2* gene, it can effectively improve tumor cell amplification and migration ability ([@b16-etm-0-0-4006]). The human *TPX2* gene is located on chromosome 20q11.2; its transcription and translation are strictly controlled by the cell cycle, and it is generally expressed in the G-S junctional stage of the cell cycle. TPX2 expression level gradually decreases after the completion of cytokinesis. In the S and G2 phases, the human TPX2 protein usually distributes in the cell nucleus ([@b17-etm-0-0-4006]). The mitotic stage is closely connected with the spindle, which allows the dynein targeting protein Xklp2 to attach to spindle microtubules. Through the maintenance of normal spindle polarity and analysis of related gene expression profile of exogenous overexpression of DUSP6 in pancreatic cancer cells, Furukawa and colleagues found that AURKA/STK15 gene encoding the Aurora-A kinase gene plays an important role in cell division and leads to a decrease in gene expression of AURKB, TPX2 and CENPA ([@b18-etm-0-0-4006]). Therefore, the correlation between MAPK activity and AURKA expression, as well as promoter activity, can be proven. The knockout of ETS2 can lead to the downregulation of AURKA expression. These results suggest that in pancreatic cancer, AURKA is a direct target in the MAPK signaling pathway, and at least under the induction of ETS2, AURKA expression levels may increase in pancreatic cancer.

It can be concluded from our study that using TPX2 inhibitors can lead to a significant reduction of nerve tissue apoptosis in rats; differences were statistically significant compared to the control group (P\<0.05). TUNEL staining results showed that apoptotic cells were significantly decreased (P\<0.05). Furthermore, through the detection of the protein expression levels of MAPK, Erk and p38, we found that the proteins in the brain tissues of the rats in the drug group were significantly lower than those of the control group, but higher than those of the blank group; differences were statistically significant (P\<0.05). mRNA levels of MAPK and p38 in the rats of the drug group were higher than those of the control group; differences were statistically significant (P\<0.05). Therefore, we believe that the pro-apoptotic effect of TPX2 inhibitors may play a role through the inhibition of the MAPK-p38 signaling pathway.

In addition, MAPK can regulate endoplasmic reticulum stress and lead to the apoptosis of hepatic stellate cells. In lung cancer, the promotion of the expression of p38-MAPK signaling pathway can promote apoptosis of lung cancer cells, and therefore achieve the purpose of treatment ([@b19-etm-0-0-4006]--[@b21-etm-0-0-4006]). In this study, it has been once more proven that MAPK-p38 signaling pathway can play a role in apoptosis of brain tissue in rats. However, this conclusion still needs further supporting research data, such as the use of MAPK inhibitors in the control group. In addition, studies need to be conducted regarding the mechanism behind its protective effect which may further show that MAPK is the main signaling pathway of brain tissue apoptosis.

In conclusion, the results showed that TPX2 has a protective effect on apoptosis of brain tissue processed by Aβ~1--42~, through the inhibition of the protein expression levels of MAPK, Erk and p38.

![(A) Magnification, ×400 rat brain hippocampus C1 zone neuron TUNEL staining results. a, drug group; b, blank group; and c, control group. In the blank group, a small amount of TUNEL-positive cell expression is evident. (B) TUNEL-positive cell expression of the blank group increased significantly compared with that of the control group (^\#^P\<0.01), and TUNEL-positive cell expression of the drug group increased significantly compared with that of the blank group (\*P\<0.01).](etm-13-02-0576-g00){#f1-etm-0-0-4006}

![After using TPX2 inhibitor, TPX2 expression levels of the drug group were significantly lower than those of the control group (P\<0.05). MAPK and fluorescence intensity of p21 were detected and compared. The MAPK levels of the drug group improved significantly compared to the normal healthy group, apoptosis of nerve cells increased through the MAPK-p38 signaling pathway.](etm-13-02-0576-g01){#f2-etm-0-0-4006}

![(A) MAPK, and p38 signaling pathway expression levels of the rats in the three groups. (B) It was found from the comparison of western blotting gray values that Erk and p21 levels had no significant difference (P\>0.05) while in the control group, MAPK gray values were significantly higher than those in blank group, and gray values of the drug group decreased significantly. The differences were statistically significant (P\<0.05).](etm-13-02-0576-g02){#f3-etm-0-0-4006}

###### 

Comparisons of the fluorescence intensity of MAPK and mRNA p38 in the brain tissues of rats in the three groups (mean ± standard deviation).

  Groups    Quantity   TPX2       MAPK         P38
  --------- ---------- ---------- ------------ ------------
  Drug      30         12.3±2.4   102.7±12.6   140.2±8.9
  Control   30         43.2±2.4   75.3±7.9       38.7±4.6
  Healthy   30         5.28±1.5   4.37±2.5       35.7±2.6
  F-value   --         10.29      12.58        30.44
  P-value   --         0.021      0.011        0.008
